Abstract: California growers in the San Joaquin Valley believe that climate change will affect the pistachio yield dramatically. As the central valley fog disappears, insufficient dormant chill accumulation results in poor flowering synchrony, flower quality, and fruit set in this dioecious species. We have developed a novel, user-friendly, and low-cost Voice-Controlled Wireless Solid Set Canopy Delivery (VCW-SSCD) system to increase bud chill accumulation with evaporative cooling on sunny (winter) days. This system includes: (i) an automated solid-state canopy delivery (SSCD) system; (ii) a wireless weather-, crop-related data acquisition system; (iii) a Voice-Controlled (VC) system using Amazon Alexa; (iv) a mobile application to visualize the collected data and wirelessly control the SSCD system; and (v) a smart control system. The proposed system was deployed and evaluated in a commercial pistachio orchard in Bakersfield, CA. The system worked well with no reported errors. Results demonstrated the system's ability to cool bud temperatures in a low relative humidity climate. At an ambient temperature of 10-20 • C, bud temperatures were lowered 5-10 • C.
Introduction
Global climate change has increased global temperatures 1.1 • C since the 19th century, accelerating sharply during the last 35 years as CO 2 gas released into the atmosphere has increased [1, 2] . This increase in global temperatures has affected agricultural crops around the world both positively and negatively. Higher temperatures and increased CO 2 have enhanced the size and range [3, 4] in some crops. Others have been impacted negatively by increased CO 2 levels and temperatures, which have decreased stomatal conductance and canopy cover [5, 6] . California temperatures have increased by 1.7 • C in the last century [7] . Cal-Adapt (produced by State of California's scientific and research community) projects a 2.7 • C to 4.3 • C increase in annual temperatures for California [7] . An increase of days over 38 • C from 38 days a year to 43 days a year is predicted for Kern County, California, specifically [7] . Kern County has begun experiencing higher than average winter temperatures and is predicted to undergo an average increase of 1.8 • C to 4.5 • C annually [7] .
California produced 98.5% of the nation's pistachios, valued at $1.9 billion, in 2017 [8] . Kern County, in the southern San Joaquin Valley, produced 44% of California's pistachios in 2017. From 2015 to 2016, a sustained drought and warm winter temperatures precipitated a 47% drop in California pistachio
Materials and Methods
The proposed Voice-Controlled and Wireless Solid Set Canopy Delivery (VCW-SSCD) system includes:
(1) A Solid Set Canopy Delivery (SSCD) system to apply mist and cool down the bud temperature on sunny winter days to enhance chilling. (2) A Wireless Sensor Network (WSN) and a Weather Station (WS) to collect weather-and crop-related data from the field (several zones). (3) A Voice-Controlled (VC) system using Amazon Alexa (Amazon Echo) and a server (raspberry pi microcontroller). (4) A mobile (cellphone) application (Android app) to visualize the collected data and wirelessly control the SSCD system. (5) A Smart Control (SC) system to collect the data from the WSN, receive commands (wirelessly) from the VC, and (wirelessly) control the SSCD system. The SC system communicates with the mobile app also. Figure 1 presents the architecture of the proposed VCW-SSCD system. The SC system (Arduino mega microcontroller) collects data from the WSN and the WS, receives voice commands from the VC system, communicates with the mobile app, and wirelessly controls the SSCD.
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Solid Set Canopy Delivery (SSCD) System

Wireless Sensor Network (WSN) and a Weather Station (WS)
Wireless communication was established with a Digimesh Xbee S2C operating under a Zigbee protocol. The WSN includes:
• Wireless communication through XBee S2C (Xbee RF Modules, Internation Inc., Minnetonka, MN, USA, 2012) that can transmit 1200 m with an open line of sight; the distance will be reduced with objects obstructing the signal. The XBee is power efficient with transmitting requiring 45 mA, receiving requiring 31 mA, and sleep requiring 1 A. The XBee routers are setup in mesh networking mode extending the network further from the XBee coordinator in the master control unit. Based on [29, 30] , the tree canopy significantly influences the radio path losses of the WSN; the developed models in [29, 30] can be used to estimate the distance between nodes in a WSN in an orchard. This is very critical to scale-up the proposed system. • A thermistor (temperature sensor) that utilizes the XBee's onboard analog-to-digital converter to convert the analog voltage read into a digital signal to be sent over ZigBee IEEE 802.15.4 protocol. The thermistor being utilized is a negative temperature coefficient; it operates by decreasing the resistance as the temperature increases and vice versa. The XBee modulation cannot read resistance change of the thermistor, hence a voltage divider was necessary to change the resistance into a voltage. The max voltage read on XBee S2C's analog ports is 1.2 V, thus a voltage divider is employed to lower the voltage at higher temperatures. The XBee S2C ADC is 10-bit providing a sampling resolution of 0-1023, which allows accurate temperature values to be transmitted. The voltage divider slightly lowers the resolution of temperature data as thermistors are nonlinear. The conversion of thermistors resistance to Kelvin (°K) is done using the simplified parameter Steinhart-Hart (Equation (1)). T is the absolute temperature in °K (it is supplied by the manufacture of the thermistor) and R0 is the resistance at the T0 set by the [29, 30] , the tree canopy significantly influences the radio path losses of the WSN; the developed models in [29, 30] can be used to estimate the distance between nodes in a WSN in an orchard. This is very critical to scale-up the proposed system. • A thermistor (temperature sensor) that utilizes the XBee's onboard analog-to-digital converter to convert the analog voltage read into a digital signal to be sent over ZigBee IEEE 802.15.4 protocol. The thermistor being utilized is a negative temperature coefficient; it operates by decreasing the resistance as the temperature increases and vice versa. The XBee modulation cannot read resistance change of the thermistor, hence a voltage divider was necessary to change the resistance into a voltage. The max voltage read on XBee S2C's analog ports is 1.2 V, thus a voltage divider is employed to lower the voltage at higher temperatures. The XBee S2C ADC is 10-bit providing a sampling resolution of 0-1023, which allows accurate temperature values to be transmitted. The voltage divider slightly lowers the resolution of temperature data as thermistors are nonlinear. The conversion of thermistors resistance to Kelvin ( • K) is done using the simplified parameter Steinhart-Hart (Equation (1)). T is the absolute temperature in • K (it is supplied by the manufacture of the thermistor) and R 0 is the resistance at the T 0 set by the manufacture. Each thermistor manufacture will supply a thermistor in a tolerance range with coefficients needed for calibration. The thermistors used have a tolerance of 1%, the beta coefficient is 3950, a resistance of 10 k at 25 • C, and an operating range of −55 • C to 125 • C.
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Voice-Controlled (VC) System
An Amazon Echo device is utilized for the development of the VC system. The Amazon Echo (Amazon Alexa) communicates with a remote web server (indoor), developed using a Raspberry Pi 3B microcomputer. The Raspberry Pi 3B runs a modified version of Debian, a Linux distribution 
An Amazon Echo device is utilized for the development of the VC system. The Amazon Echo (Amazon Alexa) communicates with a remote web server (indoor), developed using a Raspberry Pi 3B microcomputer. The Raspberry Pi 3B runs a modified version of Debian, a Linux distribution called Raspbian, which is customized for the Pi's hardware. The Raspberry Pi is a remote server away from the orchard/field that hosts a Mosquitto (MQTT) broker. The MQTT is a lightweight messaging protocol optimized for Internet of Things (IoT) networking. The NodeMCU sends and receives MQTT messages over Wi-Fi that are relayed to the SC system, which then executes the commands. Internet of Things (IoT) involves inter-networking of everyday physical objects together to gather information and receive data, allowing remote control and monitoring activities. IoT allows interconnected devices to modify operating settings based on outside factors. This modification of preprogrammed system parameters makes the devices "smart". The proposed system is an example of IoT in agriculture [32, 33] . With the VC system, the user can easily access data from the WSN and control the SC system, remotely from his office/house (indoor application).
The server (Raspberry Pi) connects to the Amazon Voice Service to allow Amazon Echo's devices to voice control the SC (Figure 1 ). The data from the WSN and WS are transmitted wirelessly (through the SC) to the server (Raspberry Pi) and stored in a comma separated values (CSV), which can be pushed to the Android mobile application (present data in real-time graphs and tables).
Mobile Application (Android App)
The Android application was developed using the Google's Firebase API and the PubNub web-software. Using Google's Firebase API, we integrate several features into the mobile application, such as user authentication, database, and cloud functions. Google's Firebase API utilizes a cloud-hosted database. The data is stored as JSON format and synchronized in real-time to every connected client. Any time data changes, any connected device receives that update within milliseconds. We use MQ Telemetry Transport (MQTT), a lightweight network protocol, to transfer data between devices (e.g., WSN and server).
The Android application was developed to retrieve the collected data from our server (Raspberry Pi 3; data from the WS and WSN), visualize them and display all the information in graphical format (using the androidplot software), and provide real-time data to the users. It can also control the SSCD system remotely (turn on/off the water valves). The Android application includes a user friendly graphical interface ( Figure 7) ; JSON parsing (in Android Studio) was used to retrieve data from the Weather Underground web-software and our server. The mobile application is module-based, allowing users to access real-time data, control water valves, and perform analysis. The user is able to view reports from certain periods of time; hourly, daily, weekly, monthly, and yearly. 
Smart Control (SC) System
The Smart Control unit contains: (i) an Arduino Mega 2560 microcontroller; (ii) a NodeMCU ESP8266 Wi-Fi; (iii) a DHT22 temperature/humidity sensor; (iv) a XBee coordinator; (v) a real-time clock; (vi) an SD memory card; (vii) two pressure sensors; (viii) four flow meters; and (ix) an eightchannel relay block in a weather proof box (Figures 8-10 ). 
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The Smart Control unit contains: (i) an Arduino Mega 2560 microcontroller; (ii) a NodeMCU ESP8266 Wi-Fi; (iii) a DHT22 temperature/humidity sensor; (iv) a XBee coordinator; (v) a real-time clock; (vi) an SD memory card; (vii) two pressure sensors; (viii) four flow meters; and (ix) an eightchannel relay block in a weather proof box (Figures 8-10 ). The Arduino Mega provides adequate capability to perform the necessary control and data measurements that were required. It is based on C/C++ programming language. The 5 V supply, which the Arduino provides, was not high enough to operate the 12 V solenoid valves to allow flow to each zone. Hence, the controller was equipped with a 5 to 12 V step-up relay. The relay system is shown in Figure 9 . The SC system controls eight different zones (Figure 11 ). Each zone contains four trees and houses a specific nozzle type with different spray patterns, flowrates, etc. The eight-channel relay block module is independently connected to each respective zone solenoid valve. The principal of control is on/off. The Arduino Mega provides adequate capability to perform the necessary control and data measurements that were required. It is based on C/C++ programming language. The 5 V supply, which the Arduino provides, was not high enough to operate the 12 V solenoid valves to allow flow to each zone. Hence, the controller was equipped with a 5 to 12 V step-up relay. The relay system is shown in Figure 9 . The SC system controls eight different zones ( Figure 11 ). Each zone contains four trees and houses a specific nozzle type with different spray patterns, flowrates, etc. The eight-channel relay block module is independently connected to each respective zone solenoid valve. The principal of control is on/off. The Arduino Mega provides adequate capability to perform the necessary control and data measurements that were required. It is based on C/C++ programming language. The 5 V supply, which the Arduino provides, was not high enough to operate the 12 V solenoid valves to allow flow to each zone. Hence, the controller was equipped with a 5 to 12 V step-up relay. The relay system is shown in Figure 9 . The SC system controls eight different zones ( Figure 11 ). Each zone contains four trees and houses a specific nozzle type with different spray patterns, flowrates, etc. The eight-channel relay block module is independently connected to each respective zone solenoid valve. The principal of control is on/off. 
Experimental Design
Farm Test Site
The evaluation of the proposed system was performed on a two-acre pistachio orchard located in the west region of Bakersfield, California. Water was supplied to the orchard from the city at a pressure of 345 kPa. Figure 11 shows the layout of the farm test site. Each zone consists of four pistachio trees and each tree has a nozzle over it. Each zone is controlled by a solenoid valve. The nozzles are suspended 7.62 m in the air to allow for trimming and harvesting equipment to operate around each tree. The average tree height is approximately 4.5 m. Currently, each zone contains four identical nozzles and each of the eight zones have different types of nozzle types. With a total of 32 pistachio trees under evaluation, the orchard stretches approximately 115 m. Temperature monitoring was managed in each zone by eight wireless transmitters (WSN) that communicate to the SC system.
Experimental Setup
The main scope of this project was to develop and evaluate a novel VCW-SSCD system; the evaluation of the SSCD system (e.g., performance of different types of nozzles, system configuration etc.) to deliver mist-cooling to increase winter chill for dormancy and bud break is beyond the scope of this paper.
In Experiment 1 (18 July 2017 and 19 July 2017), we evaluated the performance of the overall VCW-SSCD system (e.g., wireless communication, voice-controlled system).
Experiment 2 was conducted to initially evaluate if the evaporative effect of the misting could effectively drop the (winter) temperature around the buds or trees, relative to the ambient temperature measured in the orchard.
Trials were performed using half-hour flow intervals. The trials were conducted on 25 February 2017, and were setup in Zone 1. A "flow event" (valve on) was scheduled to occur once per hour (flow for half hour, and then off for half hour). This allowed thermal equilibrium to stabilize between zone temperature and ambient temperature before each succeeding flow event would occur. Six temperature sensors were placed strategically throughout the zone. The temperature decrease was measured during each event.
Analysis was performed on each flow event to show how the ambient temperature affects the magnitude of the temperature decrease. The trials were placed into automated control and were left to run for 24 h per day. The algorithm was set to trigger an event if the ambient temperature was above a certain threshold. Once active, the timer would allow the zone to flow for half an hour, and shut off for half an hour. The system would repeat itself indefinitely only if the initial condition of ambient temperature was satisfied. Based on this time of year, temperatures through the night would drop below 10 • C. With a set point value of 10 • C, the data system would go to rest during the night.
Experiment 3 was conducted to evaluate the performance of each zone in a hot winter day (8 December 2017). The system was turned on for 15 min, when the ambient temperature was about 24 • C, and the temperature was recorded in each zone during and after the "event".
Results and Discussion
Experiment 1
In this experiment, the overall performance of the VCW-SSCD system was evaluated. First, we evaluated the VC system; we remotely operated the SC system and each zone (valve), using Amazon Echo. For example, we asked Amazon Alexa to control (open/close) each zone of the SSCD system. The system worked well without reported errors. The VC system relies on the performance of the WiFi network; a slow WiFi network could significantly affect the performance of the overall system (e.g., create connectivity and timing issues). Additionally, using the Android app, we remotely operated the SC system and each zone (open/close valves of the SSCD) without any issues. Figure 12 presents the collected data during these trials. During the trial on 18 July 2017 (Figure 12a ), the maximum temperature drop was 5.3 • C, and on 18 July 2017 (Figure 12b ), the maximum temperature drop was 4.7 • C. From Figure 12 , it is clear that the temperature drop begins immediately after misting starts and the lowest temperatures are achieved in 15-20 min. Once misting has stopped, the temperature increase to baseline happens within 15-20 min. maximum temperature drop was 5.3 °C, and on 18 July 2017 (Figure 12b 
Experiment 2
The experiment began at 9:30 a.m. The average ambient temperature was 10 °C for the day. During the peak temperature, each flow event showed an average temperature decrease of about 2.8 or 3.3 °C. The black curve displayed in Figures 13 and 14 shows the CIMIS (California Irrigation Management Information System) ambient temperature value (from a local CIMIS weather station), while the blue curve displays the localized ambient temperature. The red curve shows the zone temperature and the temperature decreasing shortly after the beginning of each flow event. 
The experiment began at 9:30 a.m. The average ambient temperature was 10 • C for the day. During the peak temperature, each flow event showed an average temperature decrease of about 2.8 or 3.3 • C. The black curve displayed in Figures 13 and 14 shows the CIMIS (California Irrigation Management Information System) ambient temperature value (from a local CIMIS weather station), while the blue curve displays the localized ambient temperature. The red curve shows the zone temperature and the temperature decreasing shortly after the beginning of each flow event.
The CIMIS weather station is located in Shafter, California, approximately 20 km from the location of the pistachio orchard. The proven data system was used as a cross reference to support the localized measured temperatures. Based on the geographical difference, there was a slight discrepancy between CIMIS values and the localized temperature read, but the variance was consistent and normally within 2.8 • C. 
The experiment began at 9:30 a.m. The average ambient temperature was 10 °C for the day. During the peak temperature, each flow event showed an average temperature decrease of about 2.8 or 3.3 °C. The black curve displayed in Figures 13 and 14 shows the CIMIS (California Irrigation Management Information System) ambient temperature value (from a local CIMIS weather station), while the blue curve displays the localized ambient temperature. The red curve shows the zone temperature and the temperature decreasing shortly after the beginning of each flow event. The CIMIS weather station is located in Shafter, California, approximately 20 km from the location of the pistachio orchard. The proven data system was used as a cross reference to support the localized measured temperatures. Based on the geographical difference, there was a slight discrepancy between CIMIS values and the localized temperature read, but the variance was consistent and normally within 2.8 °C. Figure 14 presents the results from the "flow event 4"; mainly to indicate when the temperature begins to decrease. The effect is essentially immediate. The flow event occurred for 30 min, but the temperature in the zone began to rise slightly after about 10 min. The first black vertical line indicates when the valve opened and the second black vertical line indicates when the valve closed. The maximum temperature decrease in this flow event was about 3.3 °C.
The flow for Zone 1 was 2.1 L/min, and the average pressure readings were approximately 345 kPa, contributing to a lower flow value than anticipated. The average total water consumed per flow event was 60 L.
Experiment 3
The experiment was conducted on a hot winter day (8 December, 2017; 6:40 p.m.). Figure 15 presents the temperature drop from each zone. The maximum temperature decrease was recorded in zone 1, with a value of about 11 °C. The flow event occurred for 15 min; the temperature in the zone begins to rise slightly after about 10 min. In zones 1, 3, 4, and 6, the temperature remains about 5 °C lower that the "control" temperature even after 30 min. The flow for Zone 1 was 2.1 L/min, and the average pressure readings were approximately 345 kPa, contributing to a lower flow value than anticipated. The average total water consumed per flow event was 60 L.
The experiment was conducted on a hot winter day (8 December, 2017; 6:40 p.m.). Figure 15 presents the temperature drop from each zone. The maximum temperature decrease was recorded in zone 1, with a value of about 11 • C. The flow event occurred for 15 min; the temperature in the zone begins to rise slightly after about 10 min. In zones 1, 3, 4, and 6, the temperature remains about 5 • C lower that the "control" temperature even after 30 min. 
Conclusions
The goal of this paper was to introduce a novel Voice-Controlled and Wireless Solid Set Canopy Delivery (VCW-SSCD) system to deliver mist-cooling; not to evaluate the effectiveness of the misting system configurations; different types of nozzles, system configuration etc. The overall system worked well and no errors were reported. Each component of the system (e.g., VC, mobile app, WS, 
The goal of this paper was to introduce a novel Voice-Controlled and Wireless Solid Set Canopy Delivery (VCW-SSCD) system to deliver mist-cooling; not to evaluate the effectiveness of the misting system configurations; different types of nozzles, system configuration etc. The overall system worked well and no errors were reported. Each component of the system (e.g., VC, mobile app, WS, SC, SSCD) was evaluated in several experiments. One of the objectives was to develop a low-cost and user-friendly system that can be easily used by any user (e.g., grower, agronomist, farm manager, scientist, etc.). A user can operate the SSCD using the voice-controlled (VC) system giving voice commands (e.g., "open valve one"; "close all valves") or using the mobile app. Additionally, users can access the collected data, in real-time, from the WS (e.g., air temperature and humidity, wind speed etc.), WSN (zone temperature and humidity), and SC (e.g., flow and pressure measurements) using the mobile app (in a form of figure and/or table) .
Initial experiments show that, overall, the misting is effective. Even at lower temperatures of 9 • C, temperature drops of 3 • C are achievable. This value increased as the ambient temperature increased. For a climate with Bakersfield CA's low relative humidity, the low saturation provides a catalyst for the evaporative effect to take place. Experiment 2 that was conducted in zone 8 demonstrated very promising results, as the temperature dropped nearly 8. Sensor placement is also an entailing process and is highly affected by wind and direction. If the mist being sprayed from the nozzle cannot make it to the tree bud, then cooling cannot occur. A high wire installation may not be feasible in windy areas, and it would be recommended to place the nozzle closer to the tree [24, 25] . Additionally, node failure is a very common problem in WSN. The ability of a network to react to node failures is a design concern. Choosing a more robust wireless topology and algorithms will enhance the fault tolerance of the network. The current network topology used in the proposed system has a star configuration due to its simplicity of implementation. We plan to upgrade this configuration to a cluster type one to avoid communication bottleneck issues and improve the overall energy efficiency of the system. Furthermore, in order to deploy the proposed system in the real world, the scalability of the system must be investigated. Scalability can be defined as the ability of a network to adapt to an increase in the network size. The number of nodes in a WSN can range from a few nodes to a few thousand nodes. The new node should be able to dynamically join the network without the need to reset the entire network. Since the designed project will be used for farming, this is a critical design factor that should be taken into account.
Future Research
In future research, we plan to evaluate the proposed system and hypothesis: "A mist applied at intervals designed to produce maximum evaporative cooling duration during sunny hours will prevent the decrease of chill accumulation", during the season 2017-2018.
We will measure/evaluate in the field:
• The duration of misting (hours/treatment) at different temperatures.
•
The intervals between applications to conserve water (hours/days); and determine when evaporative cooling ceases at different temperatures.
• Droplet size for maximum evaporative cooling duration.
Amount of water applied (volume, ha-cm) per application.
Volume of mist and energy consumption per treatment and per tree.
Flower quality evaluation (bloom synchrony, pollen and ovule viabilities).
• Postharvest fruit quality data (tree yields, nuts grading by processing factory).
Investigate potential salinity and toxicity problems (water, soil, and plant analysis).
